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Abstract 25
Molecular diet analysis is rapidly popularizing among ecologists, especially with regard 26 to methodologically challenging groups such as invertebrate generalist predators. Prey 27 DNA detection success is known to be dependent on multiple factors among which the 28 type of dietary sample has rarely been addressed. Here, we address this knowledge 29 gap by comparing prey DNA detection success from three types of dietary samples. In a 30 controlled feeding experiment, and using the carabid beetle Pterostichus melanarius as 31 a model predator, we collected regurgitates, feces and whole gut contents at different 32 time points post-feeding. All dietary samples were analyzed by multiplex PCR targeting 33 three DNA fragments of different length (128 bp, 332 bp and 612 bp). Our results show 34 that both the type of dietary sample and the DNA fragment size explain a significant part 35 of the variation found in prey DNA detectability. Specifically, despite a significant 36 decrease in prey DNA detectability with increasing time post-feeding, we observed for 37 both regurgitates and whole bodies significantly higher detection rates for all prey DNA 38 fragment sizes compared to feces. Based on these observations, we conclude that 39 regurgitates and whole body DNA extracts provide similar information when prey DNA is 40 targeted by diagnostic PCR, whereas prey DNA detections success in feces is still good 41 enough to use this approach in ecological studies. Therefore, regurgitates and feces Introduction 48 DNA-based diet analysis is rapidly being employed as a widespread tool for 49 empirically characterizing diet and trophic interactions in a broad range of vertebrates 50 and invertebrates Clare 2015) . DNA-based methods for diet 51 analysis typically rely on the detection of short fragments of prey DNA, recovered from 52 predator's gut contents (e.g. Leray et al. 2015 ; Mollot et al. 2014) involving invertebrate generalist predators (Symondson 2012) . Indeed, DNA methods 65 offer a sensitive and flexible alternative to traditional behavioural or dissecting 66 techniques that often fail to detect prey that does not leave hard remains in these cryptic 67 liquid feeders In this study, we address this knowledge gap by comparing the prey DNA 91 detection rates for three types of dietary samples: whole predator tissues, regurgitates 92 and feces. Samples were generated in a controlled feeding experiment involving a 93 widespread carabid predator, Pterostichus melanarius (Coleoptera: Carabidae). Beetles 94 were fed with a single known prey species and dietary samples were collected at 95 several time points post-feeding. Collected samples were screened by diagnostic PCR 96 for three prey DNA fragments of contrasting size: 128 bp, 332 bp, and 612 bp, 97 respectively. We hypothesized (i) similar or better DNA detection probability in 98 regurgitates compared to whole beetles due to lesser degradation of prey DNA; Prior to the feeding experiment, beetles were starved for 96 h in fresh individual 118 plastic Petri dishes (5 cm diameter) containing only a droplet of water. After the 119 starvation period, all beetles were transferred to a new Petri dish and provided with one 120 freshly freeze-killed mealworm (Tenebrio molitor, Coleoptera: Tenebrionidae) cut in half. 121
Carabids were allowed to feed for one hour in a dark climatic chamber at 20°. After 122 feeding, all beetles were transferred into fresh Petri dishes with no food and stored at 123 room temperature. Beetles were continuously provided with water during the 124 experiment. 125
For the "whole beetle" treatment, batches of 10 randomly chosen carabids were 126 frozen in 2-mL reaction tubes by immersion in liquid nitrogen at 0, 12, 24, 36, 48, 60, 72 127 and 96 h post-feeding. Thirteen starved beetles were never allowed to feed and they 128 were freeze-killed at 0 h to be used as negative controls. For the "regurgitate" treatment, 129 batches of 10 randomly chosen individuals were allowed to regurgitate on a cotton wool 130 tip according to the protocol described in Waldner & Traugott (2012) at 0, 12, 24, 36, 48, 131 60, 72 and 96 h post-feeding. Exactly the same procedure at each time point was 132 applied on a control tip without touching a beetle for checking potential DNA carry-over 133 contaminations. All samples were stored at -20°C prior to DNA extraction and PCR. For 134 the "feces" treatment, 20 carabid beetles were placed after feeding in new Petri dishes 135 with a droplet of clean water. They were firstly checked for feces production at every 3 136 hours, and then at every 6 hours as droppings have become scarcer. Detected feces 137 were immediately frozen within the Petri dish at -20°C whereas the corresponding 138 carabid individual was transferred into a new Petri dish. Feces production was 139 monitored until all beetles died. 140
Molecular gut content analysis 141
Regurgitate and fecal samples were directly lysed in 200 µl TES Lysis Buffer 142 (Macherey-Nagel, Germany) and 5 µl Proteinase K (10 mg/mL) overnight at 56°C. The 143 whole beetles were previously grinded using three 4 mm stainless steel beads (Lemoine To check for sample-to-sample cross-contamination, four extraction negative controls 155 (PCR-grade RNase-free water instead of lysate) were included within each batch of 92 156 samples. All of these controls tested negative using the diagnostic PCR assay 157 described below. 158
The DNA extracts were screened with a multiplex PCR assay targeting three DNA 159 fragments of different lengths of T. molitor, i.e. 128 bp, 332 bp, and 612 bp. The primer 160 mix contained 6 µM of primers Ten-mol-S210 (5'-TACCGTTATTCGTATGAGCAGTAT-161 3') and Ten-mol-A212 (5'-CGCTGGGTCAAAGAAGGAT-3') as well as 2 µM of primers 162
Ten-mol-S232 (5'-TAATAAGAAGAATTGTAGAAAACGGG-3') and Ten-mol-S231 (5'- Detectability of mealworm DNA in P. melanarius significantly decreased with 204 increasing post-feeding time and prey DNA fragment length for the three dietary 205 samples ( Fig. 1, small vs medium and small vs large fragments: p<0.001; medium vs 206 large fragment: p=0.008), with post-feeding detection intervals being longest for the 207 shortest DNA fragment ( Fig. 1 A, B, C) . We also observed a significant effect of the 208 dietary sample type, with prey DNA detection success being significantly lower in feces 209 compared to regurgitates and whole beetles for all the three fragment sizes (Fig. 1 , in all 210 cases p<0.001). There was also a tendency for longer post-feeding detection periods in 211 regurgitates compared to whole beetles (Fig. 1A, B ) but differences were not significant 212 (p=0.4). Our model fitted well the data for all of the three dietary samples: regurgitates 213 ( Fig. 1A) , whole beetles ( Fig. 1B) and feces (Fig. 1C) , and explained 52% of the 214 variance in DNA detectability. Raw data are presented in Table 1 . For the small prey 215 DNA fragment, 50% retention times was the highest for regurgitates (94 hours) but the 216 value significantly dropped by more than half for the medium fragment (42 hours) and 217 was significantly shortest for the largest prey DNA fragment (30.6 hours; Table 2 ). In 218 feces 50% detection probabilities were the lowest for all the three DNA fragment sizes, 219 with only 19 hours for the largest DNA fragment (612 pb) and a significantly shorter 220 detection probability for the medium prey DNA fragment when compared to the 221 regurgitate samples (Table 2) observation, results tend to suggest that feces could be at least as good dietary source 262 as whole body extracts for organisms such as F. auricularia. Finally, we cannot exclude 263 that in our case DNA in feces could also have been less well preserved here due to the 264 constraints of the experiment. As carabids were checked for feces every 6 hours by the 265 end of the experiment, one may expect that feces deposited earlier within that 266 timeframe would experience higher DNA degradation due to longer exposure to ambient 267 temperatures and atmosphere. This might have negatively affected the prey DNA 268 amplification success and increased the variability in the fecal diet data. In this line, it is 269 essential to bring attention to the fact that we still lack a good understanding about the 270 temporal window of a full prey DNA transfer across the digestive tract in insects. Results 271 have shown that 14 C-inulin labelled prey in carabid beetles could still be detected in 272 feces up to five days post-feeding (Cheeseman and Gillott 1987). For generalist feeders 273 with frequent switching behavior such as carabids (Lövei & Sunderland, 1996) , temporal 274 aspects of the digestion process should be taken into account in manipulative food web 275 experiments as we ignore at what extend a dietary sample reflects the most recent 276 feeding event. We also ignore whether this problem could be exacerbated in 277 herbivorous species as plant DNA can survive much longer the digestion process in 278 insects as compared to animal DNA (Staudacher et al. 2011; Wallinger et al. 2013 Wallinger et al. , 279 2015 . A more general insight into the digestion physiology of carabid beetles with 280 regard to prey DNA decay will certainly improve the interpretation of DNA-based dietary 281 information. 282
Here, we also show that prey DNA detection success continuously decreases 283 over time for all the three types of dietary samples, with longer fragments (332-612 bp) 284 decaying more rapidly compared to the shorter one (128 bp). These results meet our 285 expectations and corroborate the general idea that digested DNA molecules break 286 down relatively quickly and that the size of the targeted prey DNA fragment affects post-287 feeding prey DNA detection success (Agustí et al. 2003; von Berg et al. 2008) . In line 288 with previous studies, our results reinforce the idea that targeting short to medium size 289 DNA fragments in DNA diet analysis is essential in order to maximize the prey detection 290 success (Deagle et al. 2006; Valentini et al. 2009 ). Nonetheless, if a recent feeding 291 event is the focus, then targeting longer fragments might actually be better. Additionally, 292 as in metabarcoding diet analysis there is generally a trade-off between DNA fragment 293 length and taxonomic resolution, targeting longer DNA fragments -within a certain 294 range -could indeed improve the taxonomic discrimination of prey species (Waldner et 295 al. 2013) . In this study, the most important observed source of variation in terms of prey 296 DNA detection success is DNA fragment size. This could have profound implications in 297 metabarcoding studies where the DNA fragment size needs usually to be optimized in 298 order to meet criteria for both optimal detectability and taxonomic resolution (Taberlet et 299 al. 2012 ). It would be interesting to simultaneously explore the decaying rate of 300 detection probability of a larger array of DNA fragment lengths in order to assess 301 whether a general relationship between DNA length and detectability can be drawn 302 despite the many other sources of variability detected in previous studies. One might 303 speculate that a consistent relationship between DNA detection success and DNA 304 fragment size could be further used as a raw predictor of the DNA detection rate based 305 solely on DNA length. 306
In general, our findings evidence that quantitative analyses of diet based on 307 different DNA fragments or on different dietary samples are not directly comparable. 308
Our study suggests that consumption frequency should be corrected to account for the different types of dietary samples and DNA fragment sizes. Provided are the 50% 516 prey detection probabilities in hours post-feeding. The numbers in parentheses refer to 517 the corresponding lower and upper 95% confidence limits. 
